Purpose The role of serum AMH levels in prediction of ovarian response in idiopathic hypogonadotropic hypogonadism (IHH) was evaluated. Material method(s) Twelve patients with IHH underwent controlled ovarian hyperstimulation (COH) for IVF were enrolled in this prospective study. Serum AMH levels were studied on the 2nd or 3rd day of an induced menstrual cycle by a preceding low-dose oral contraceptive pill treatment. A fixed dose (150-300 IU/day) of hMG was given in all COH cycles. Correlations between serum AMH levels, COH outcomes and embryological data were investigated. Results Mean serum AMH levels was 3.47±2.15 ng/mL and mean serum peak estradiol was 2196±1705 pg/mL. Mean number of follicles >14 mm, >17 mm on hCG day and MII oocytes were 4.14±3.2, 4±2.5 and 7.28±3.5, respectively. Mean number of grade A embryos and transferred embryos were 3.28 ± 2.4 and 2.5 ± 0.7, respectively. The clinical pregnancy rate per patient was 41.6 % (5/12). Positive correlations were observed between serum AMH levels and MII oocytes (r00.84), grade A embryos (r00.85), serum peak estradiol levels (r00.87), and number of follicles >14 mm (r00.83) and >17 mm (r00.81) on hCG day, respectively. Conclusion AMH appears as a promising marker of ovarian response in patients with IHH undergoing IVF.
Introduction
Idiopathic hypogonadotropic hypogonadism (IHH) is the most common cause of hypogonadism that mainly refer to congenital deficiency of GnRH secretion or abnormal function of the hypothalamic-pituitary-ovarian axis [17] . The clinical presentation of IHH could either be related with primary amenorrhea or with delayed puberty in association with small ovaries comprising a large cohort of arrested follicles. Gonadotropin levels may be undetectable or apparently normal; however serum gonadotropin levels are generally below physiologic levels [4] . Anosmia, cleft lip/ cleft palate and/or syndactyly are other findings that may accompany IHH. Patients with this disorder, defined also as Group I according to World Health Organization (WHO Group I), are apparently the exact candidates for ovulation induction with exogenous gonadotropins [23, 25] . Ovulation can be successfully induced with small doses of menotropins. The conventional procedure is to start ovulation induction with lower daily doses of human menopausal gonadotropins (hMG), while defining the effective threshold of ovarian response in order to prevent the complications associated with COH ( [19, 20] ). Alternatively, use of GnRH agonists in a pulsatile manner can also induce ovulation in such patients.
There has been an increasing interest in minimal or mild ovarian stimulation protocols in recent years. Accordingly, determining ovarian response or ovarian reserve is crucial in modern reproductive medicine in order to achieve acceptable pregnancy rates with minimal side effects. However, assessment of ovarian response in patients with IHH is challenging as these patients frequently have amenorrhea or irregular menstrual cycles with small ovaries making most of the classical ovarian reserve markers unreliable. Antral follicle count (AFC), basal serum FSH, LH or estradiol and ovarian response to previous COH are common parameters guiding clinicians in planning or controlling a COH cycle. In this unique patient population AFC is technically subjective due to non-ovulation or disrupted gametogenesis, and assessment of serum FSH and/or estradiol is unreliable. Despite the well-known concept that most of these patients respond well to menotropins, predicting ovarian response is still crucial to avoid ovarian hyperstimulation in a high responder patient or to achieve a favorable COH outcome in a poor responder patient [9] AMH is mainly expressed by granulosa cells of early antral and pre-antral follicles [2, 26] , where its expression is already initiated by the smallest growing follicles. Over the last decade, many prospective studies have been evaluated the plausible role of AMH in predicting both quantitative and qualitative ovarian response in assisted reproductive technologies (ART) [8] . Consequently, several groups have addressed serum levels of AMH as a novel and superior clinical marker of ovarian reserve and/or ovarian response compared with conventional markers [13] . Owing to the unique advantages of AMH, the primary objective of this preliminary study is to investigate the accuracy of serum AMH levels in predicting ovarian response prior to COH in IVF cycles, and as a secondary outcome to assess the correlation between serum AMH levels and COH outcomes including embryological data in a cohort of IHH patients.
Materials and methods
Twelve patients diagnosed with IHH were enrolled to this study who were scheduled to undergo COH for IVF between 2007 and 2010 at the University of Ankara-Center for Research on Human Reproduction. IHH was diagnosed before the age of 18 by exclusion of other possible acquired etiologies along with low endogen gonadotropin levels (<4-5 IU/L) and low estradiol levels (<20 pg/mL or <73 pmol/L), [19, 20] . All patients had normal serum thyroid-stimulating hormone (TSH), prolactin and testosterone concentrations. A possible pituitary lesion was excluded either by sella MRI or by computerized tomography in all patients prior to study as a part of routine diagnostic work up. Relatively small sized ovaries and thin endometrium was confirmed with trans-vaginal ultrasound (TV-USG). Other developmental statuses were normal in all patients, except irregular menstruation or amenorrhea. At least 2 repeated unsuccessful intrauterine insemination attempts had been carried out previously in all patients before undergoing IVF. COH was initiated using human menopausal gonadotropins (hMG) (Menogon, Ferring Pharmaceuticals, Turkey) that have been applied on the 2nd or 3rd day of an induced menstrual cycle following a preceding low-dose oral contraceptive pill (OCP). Menotropin doses ranged between 150 and 300 IU/day according to the patient's age, body mass index (BMI) and prior ovarian response to IUI/IVF cycles. Serum samples for AMH, FSH, LH and estradiol were collected on the 2nd or 3rd day of a low-dose OCP induced menstrual cycle. All collected serum samples were stored at −20°C. Follicular response was followed with serial ultrasound examinations and serum estradiol assessments. Final oocyte maturation was induced by 10,000 IU human chorionic gonadotropin (hCG) when at least two follicles reached 18 mm in diameter and transvaginal ultrasound-guided oocyte retrieval was performed 36 h later. On days 3 or 5 after oocyte retrieval, depending on the number of good quality embryos, a total of 1-3 embryos were transferred into the uterine cavity under the ultrasound guidance with a flexible catheter (Wallace; Irvine Scientific, Santa Ana, CA). Embryo scoring was performed as described previously [5] . Total number of oocytes was defined as the total number of oocytes collected at oocyte pick-up. Metaphase II oocytes was defined as oocytes extruded its first polar body. Luteal phase support was achieved by using daily intra-muscular injections of amh vs gnd dose Fig. 1 a, b, Pearson's correlation coefficient was used to determine relationships between serum AMH levels, COH outcome and embryological data. All participants signed a written informed consent and the study was approved by the local ethical committee. Table 1 . Mean serum peak estradiol was 2196±1705 pg/mL and serum AMH was 3.47±2.15 ng/mL. There were strong positive correlations between serum AMH levels and serum peak estradiol levels (r00.87, p00.001), number of follicles >14 mm (r00.83, p00.003) and >17 mm (r00.81, p00.003) on hCG day, MII oocytes retrieved (r00.84, p00.002), and grade A embryos were generated (r00.85, p00.002) (Fig. 1a , b, c and Table 2 ). A weak negative correlation was detected between serum AMH levels and total gonadotropin dose (r0−0.69, p00.0506), (Fig. 1d and Table 1 ). In the majority of cases, antral follicle assessment was ineffective due to small ovaries and suboptimal assessment of ovarian follicles, so the correlation between serum AMH and AFC couldn't have been evaluated in the study.
Results

IVF cycle characteristics, outcome measures and AMH levels of 12 IHH patients were evaluated and demonstrated in the
Discussion
The present study demonstrated that serum AMH may be a good predictor of ovarian response in IHH patients. Significant correlations were found between serum AMH and peak serum estradiol, number of follicles >14-17 mm on hCG day, number of MII oocytes, number of top quality embryos and cumulative gonadotropin dose used. Since IHH patients are potentially fertile and respond very well to exogenous gonadotropins, assessment of ovarian reserve or prediction of COH response is of outmost importance either to predict cycle outcomes or to prevent possible COH associated complications [25] . In this context, the results of the current study are important in two different aspects. First, to our knowledge, this is the first study that demonstrates the correlation between serum AMH levels and COH outcome in IHH patients. Second, serum AMH levels are not found to be totally suppressed in this group, supporting that AMH is secreted before the gonadotropin-dependent follicular stages and has a potential role in initial follicle recruitment serving as a paracrine regulator of early follicle growth.
Similar to IHH patients the endogenous serum gonadotropins are suppressed in patients receiving OCP, however many pre-antral and antral follicles are detectable in this group. In this respect, various results have been reported regarding the impact of steroid suppression on serum AMH levels. Some studies reported null effect of OCP treatment on serum AMH levels [18, 21, 22] , whereas others revealed suppressed AMH levels in normal cycling women pretreated with OCP [1, 15] . In a recent case report it was demonstrated that during 16 week course of menotropin treatment both serum AMH and AFC increased in an IHH patient. Authors speculated that, the increase in serum AMH was due to stimulation and growth of FSH-dependent follicles [24] . Beyond conflicting reports, in the current study, serum AMH levels were found as not totally suppressed in IHH patients with a mean serum level of 3.03±1.9 ng/ml and ranging between 0.5 and 7.0 ng/ml. Our result are in accordance with the previous data, which revealed that AMH is highly expressed and secreted by pre-antral and small antral follicles that are up to 2-4 mm of diameter which cannot be easily detected by ultrasound [26] . Neither primordial follicles nor the antral follicles that are greater than 8 mm diameter are believed to not express AMH.
Before scheduling an IVF cycle in IHH patients, using classical markers of ovarian reserve are generally impractical to predict COH response, so novel markers are definitely required to prevent COH associated complications. Accumulated evidence showed that serum AMH levels reflect the size of the follicle cohort and well correlate with the number of oocytes retrieved, peak serum estradiol level and gonadotropin consumption [6, 12] . Nelson et al. demonstrated that circulating AMH can be used to individualize treatment strategies for COH which leads reduced clinical risk and optimized treatment burden [14] . In a donor study, measurement of AMH was found to be a strong predictor of gonadotropin sensitivity, which helps physicians to predict hyperresponse that is associated with ovarian hyperstimulation [12] . Similarly, Riggs et al. [16] reported that AMH was found to be superior to other biomarkers of ovarian reserve to predict either low or high response among young women that were selected as oocyte donors. Authors also concluded that serum AMH levels well correlated with embryo morphology and pregnancy outcome in the recipient population [16] . Recently, Majumder et al. [11] found that both AMH levels and AFC were comparable predictors of the number of oocytes retrieved, number of oocytes fertilized, and the number of top quality embryos available for transfer or to be frozen. Furthermore, authors decided that AMH performed better than AFC with regard to live birth [11] . In another interesting study, AMH was found superior to basal FSH and AFC, and had the potential to predict patient's ovarian response to COH while helping to reduce iatrogenic complications of COH [13] . In that study, AMH was also considered as a better predictor than FSH but not AFC especially for poor response. In a recent meta-analysis that assessed the accuracy of AMH and AFC as predictors of an excessive response in IVF/ICSI cycles, sensitivity and specificity rates for AMH were found as 82 and 76 %, and for AFC were 82 and 80 %, respectively. Investigators concluded that both AMH and AFC are accurate predictors of excessive response and both tests appear to have clinical value [3] . Luisi et al. [10] more recently showed that secretion of AMH is not influenced by the hypothalamic-ovarian axis activity and is not impaired in hypothalamic amenorrhea. These data also indirectly supports that AMH can also be an excellent marker of ovarian reserve in neuroendocrine forms of amenorrhea [10] .
Even though both AMH and AFC appear as good predictors of ovarian reserve; AMH may be superior in this specific group of patients mainly due to 2 reasons: first, AMH seems superior compared to AFC in prediction of hyper response which is extremely important in WHO group I patients with a high ovarian reserve [13] ; second, in case of poor ovarian reserve, which can also occur in IHH patients, relying on AFC assessment when scheduling a COH cycle can lead to diagnostic confusions due to long existing small ovaries that make AFC assessment technically impractical [7, 8] .
In summary, as is well known, current study demonstrated that gonadotropin independent ovarian follicles up to 4 mm in diameter act as the main source of AMH, based on the finding that serum AMH levels are not totally suppressed in IHH patients. Moreover strong correlations between AMH and COH outcome were observed, and this may guide physicians in adjusting gonadotropin doses before scheduling a COH cycle to avoid associated complications. However, it should be underlined that the correlation between the numbers of top quality embryos and serum AMH levels can be due to the high number of MII oocytes retrieved in this young population. Despite the low number of the subjects enrolled could be a limitation, findings of the current study may be important since it is first to assess AMH among IHH patients. Furthermore designing a study consisting of a large number of patients having such a rare clinical condition is somehow challenging and obviously larger studies are required. As a conclusion, assessment of serum AMH level seems as a promising marker of ovarian response in IHH patients undergoing IVF/ICSI. Since response to gonadotropin stimulation could be either excessive or insufficient in such individuals, assessment of ovarian reserve and prediction of COH response is of outmost importance.
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